Body weight is central to determining BP. Because that is an alterable cardiovascular risk factor, we presume that lifestyle modification will not only result in reduced weight, but also in decreased BP.
Evidence that essential hypertension may begin in childhood is now rather clear; however, the ability to measure blood pressure (BP) accurately and reliably in children and adolescents is a prerequisite for individuals with consistently high levels of BP [1, 2] . The prevalence of hypertension in adolescence is markedly lower than in adulthood; about 1-1.5% of youngsters are affected [3] . Elevated BP is a risk factor for cardiovascular diseases regardless of its onset (adolescence or adulthood). In numerous cases, target organ damage could be verified in adolescence, too [4] . It is well known that there is a relationship between hypertension in adolescents and later manifestation in adulthood [5, 6] . Moreover, the association is strongly increased with repeated measurements and standardized procedures [7] . To diagnose adolescent hypertension, repeated measurements on different occasions are needed because of the BP decrease observed in young people during the control measurements [8] . The actual BP is the mean value of three measurements following each other by a few minutes' difference [2, 3] . Conditions and techniques of BP measurement are of great importance [9] . Similarly to childhood hypertension, adolescent hypertension is defined in epidemiological terms: values being +2 SD from the mean are accounted for as hypertension [1, 2] .
Several factors are known to exert influence on BP in a given population. The most important factors that have emerged from the literature are as follows: (1) geographical location and ethnicity [10] [11] [12] [13] , (2) gender [3, 10, 14, 15] , (3) age [10, 15] , (4) weight and height [10, 11, [13] [14] [15] [16] [17] [18] , (5) inheritance [19, 20] , (6) birth weight [10, 14, [21] [22] [23] , and (7) others (such as disadvantaged social conditions, smoking or drinking alcohol) [14, 15, 23] .
We are unaware of any representative 15-to 18-yearold population-based hypertension study either in Hungary or in Central-Eastern Europe to date. The objective of our investigation was to implement a populationbased, representative study on BP involving adolescents of Hungary, and -with the aid of a questionnaire -to gain epidemiological data on factors presumed to influence BP (e.g. gender, age, height, weight, positive family history, low birth weight, smoking, alcohol consumption, sports, salt intake, stress). We also attempted to determine the relative importance (weight) of these factors using a linear regression model.
Subjects and Methods
The study was carried out with the approval of the Local Medical Ethics Committee of the University of Debrecen, Medical and Health Science Center. We performed a 'pilot study' with 2% of the total planned population (n = 227). The general methodology of the study has already been presented in detail in previous publications [9, 24] . Both the adolescent and one of the parents signed the informed consent forms.
BP Measurements
All measurements were taken in classrooms between 8 a.m. and 1 p.m. under standard circumstances. After 10 min of rest, BP was measured in the sitting position on the right arm using a validated Omron M4 digital oscillometric manometer (Omron Healthcare GmbH, Hamburg, Germany) [25, 26] . If the forearm circumference was 34 cm or over, an obese cuff was used. Three measurements were performed in each case with 5-min intervals and the average values of the systolic and diastolic BP were used for further analysis.
Questionnaire Parallel to BP Measurements
After the adolescent and one of the parents signed the informed consent, they answered questions. The adolescents took the questionnaire home so they could discuss the answers with their parents. We used easily understandable questions, offering alternative answers to them. Before finalizing our questionnaire, we performed a pilot study in 2% of the aimed population (n = 227), and after that we made changes whenever it was necessary. Data of the pilot study are not shown in the final results.
We were looking for those variables which might potentially have affected BP. Gender and age (time elapsed between date of birth and time of examination) of the individuals were recorded. On every further question we also offered the possibility of the answer 'not known'.
Positive family history of hypertension (mother and/or father) was also assessed (yes vs. no). In order to study the potential influence of birth weights, two categories were established: low ( ! 2,500 g) and normal birth weights ( 6 2,500 g). We also recorded excess salt intake (less than average, average, more than average). We tried to confirm the answer with the following question: 'Do you usually add some extra salt (table-salt) to your dishes?' -Never, sometimes or usually. For actual smoking habits we offered the following answers: never, occasionally, 1-10 cigarettes/day, 11-20 cigarettes/day or 1 20 cigarettes/day, regularly. We had a question also about alcohol drinking habits with the following answers: never, maximum on a monthly basis, on a weekly basis or several times per week. In order to get information about regular physical activity we asked: 'Do you do sports in your spare time?' -Offering the following answers: never, sometimes or regularly. Finally we raised the question, 'How frequently do you encounter stressful situations?' -Never, sometimes or frequently. These factors were later used in subsequent analyses as potential predictors of both elevated systolic and diastolic BP.
Population Studied
We performed all the above measurements in every secondary school student in Debrecen. Each student from 26 schools was approached and asked to join the study except for those who had been absent on the day of implementation. The final sample consisted of 10,359 adolescents, 22 individuals declined participation. We obtained full data (lifestyle survey, BP measures) for 10,213 individuals (98.59%). At the outset of our survey, we found 19 (0.002%) adolescents already diagnosed with and treated for hypertension. Their data were discarded from further analysis: we processed data for the remaining 10,194 individuals.
Body weight was recorded to the nearest 100 g using a calibrated standard beam balance scale with the subjects wearing light indoor clothing without shoes. Height was recorded to the nearest 0.5 cm using a standardized wall-mounted height board. Body mass index (BMI) was calculated as weight (kg) divided by height in meters squared (m 2 ).
Statistical Analysis
Data were recorded by Access for Windows using a 'crosscheck' technique. Statistical analyses were done by SPSS Windows version 11.0. Descriptive statistics included mean, standard deviation and proportions (%). For directional hypotheses, onetailed Pearson correlation coefficients were obtained ( 2 test). In all other cases, two-tailed tests and repeated measures analysis of variance (ANOVA) were employed. We assessed normal sample distribution, characteristics by visual aids (histograms) as well as with one-sample Kolmogorov-Smirnov tests. To indicate differences between groups, independent sample t tests were used. Multiple regression analysis was employed to predict systolic and diastolic BP. The level of significance was set at 5%.
Results
Demographic variables of subjects are summarized in table 1 . Mean BP for boys was significantly higher than that for girls (systolic BP +11.3 mm Hg, t = 43.7, p ! 0.001; diastolic BP +2.2 mm Hg, t = 12.3, p ! 0.001).
We compared the relationship among systolic and diastolic BP and age, height, weight and BMI. Significant associations were found: systolic BP had a stronger relationship with each variable than diastolic BP ( table 2 ).
The strongest association was found between BP and weight (r syst = 0.42, p ! 0.001, and r diast = 0.29, p ! 0.001). We also found a positive relationship between systolic BP and height, diastolic BP was associated with height to a lesser extent. There was also a positive correlation between BP and BMI (r syst = 0.31, p ! 0.001, and r diast = 0.27, p ! 0.001). Age and BP weakly correlated. Separate analyses revealed mild correlation between age and systolic BP for boys (r syst = 0.1, p ! 0.001) but no such association existed for girls (r syst = -0.02, p 1 0.05). Similar results were available for diastolic BP, i.e. mild correlation for boys (r diast = 0.15, p ! 0.001) but no significant relationship for girls (r diast = -0.01, p 1 0.05).
Comparing BP of those whose parents had hypertension with that of those who had no elevated BP in their family history, we found a statistically significant but clinically irrelevant difference ( table 3 ) . We compared the BP of low-birth-weight ( ! 2,500 g) adolescents with that of those of normal birth weight. The mean BP of both groups was within the normal interval, but low-birthweight adolescents had a 1.8-mm Hg higher systolic BP than those in the normal birth weight control group (p = 0.024). There were no differences in diastolic BP among the groups. Neither systolic nor diastolic BP differed significantly between regular smokers and non-smokers and between those drinking alcohol on a weekly basis and those abstaining. Adolescents working out more frequently had the same BP as those without any leisure time activity. We did not find any differences between the BP of groups with or without high salt intake, and also between those with or without frequent stress situations.
Multiple regression was used to examine the influence of the independent factors on BP. Separate models were devised to predict systolic and diastolic outcomes. Entering independents together accounted for 28.2% of the total variance in systolic and for 18.1% in diastolic BP.
Examining ␤ weights (the relative contribution of each factor to the dependent variable), gender ( ␤ = -0.36) and BMI ( ␤ = 0.25) emerged as significant determinants of systolic BP ( fig. 1 ). All other independents played smaller roles in determining BP. The ␤ weight informs us about the effect of a unit change in the independent variable caused by the dependent variable. Boys' systolic BP exceeded girls' values by more than 10 mm Hg.
For each 1-kg/m 2 increase in BMI, systolic BP increased by 1.17 mm Hg as well. Hypertension of the father increased systolic BP by 1.59 mm Hg, whereas hypertension in the mother had a smaller effect (increase of systolic BP by 1.09 mm Hg). Increase in age (in years) elevated BP by about 0.43 mm Hg. However, smoking and alcohol consumption had opposite effects in our sample, slightly decreasing systolic BP (1.02 and 0.7 mm Hg, respectively) ( table 4 ) .
BMI remained an underlying independent factor of the diastolic model as well ( ␤ = 0.25), while the relative contribution of gender was smaller ( ␤ = -0.09) ( fig. 2 ) . In the diastolic model, being a girl lowered diastolic BP only by 1.65 mm Hg. Each 1-kg/m 2 increase in BMI increased diastolic BP by 0.75 mm Hg. While paternal hypertension increased diastolic BP by 0.92 mm Hg, maternal hypertension raised it by 0.66 mm Hg. A unit increase in age elevated BP by 0.35 mm Hg, while smoking and drinking alcohol decreased BP by 0.5 mm Hg, respectively. Interestingly though, low birth weight, exercise, salt intake and stressful life had no significant influence on either systolic or diastolic BP.
A multiple regression model was also performed in the two gender groups. The results are summarized in table 5 . Entering independents together accounted for 27 and 19% of the total variance in systolic and diastolic BP in boys and 20 and 22% in girls. Among the factors studied, the ␤ weight of BMI was the most important deter- minant of systolic and diastolic BP both in boys and in girls. Other factors that also played a significant role in both genders were family history of hypertension, salt intake and smoking habit.
Discussion
The aim of the study was to implement a populationbased hypertension screening in Central-Eastern Europe, which involved more than 10,000 adolescents between 15 and 18 years of age. We collected data on the prevalence of factors influencing BP, examined associations among these factors and BP, and developed a predictive model of factors determining adolescent BP.
The average BP of boys in our study was higher (systolic +11.3 mm Hg, diastolic +2.2 mm Hg) than that of girls. Our study supported the view that geographical factors cause differences between genders. Compared to the guidelines from the USA, we found only a smaller difference in systolic BP (5 mm Hg) and the same difference in diastolic BP (2 mm Hg) for boys [2, 3] . Investigators from Israel reported an even greater discrepancy (systolic 11 mm Hg, diastolic 6 mm Hg) [27] . Another team from Australia reported a 14 mm Hg difference in systolic BP only for boys [14] . In Belgium there was a 3 mm Hg systolic difference, without any in diastolic BP [28] . A recent epidemiological study from Spain found boys' systolic BP higher by 7 mm Hg and diastolic by 2 mm Hg than girls' [29] , while a study from Saudi Arabia showed opposite trends: girls had higher BP (systolic +5 mm Hg, diastolic +2 mm Hg) [30] . Similar to the literature [11, 15, 16, 18] , we observed a significant positive relationship between BP and weight, height and BMI, the association being stronger for systolic BP. Relations between weight and BP are causal: obesity is largely responsible for elevated BP. There are several times more overweight people in the hypertensive than in the normotensive population. Ostchega et al. [18] found the odds ratio for hypertension among overweight and obese boys 9.62, while 2.33 for girls, while others reported 4.33 and 4.01, respectively [13] . On the basis of a recent epidemiological study conducted in a rapidly developing country, in adolescents the prevalence of hypertension was 2 and 3-4 times more frequent among overweight and obese subjects [16] .
The guidelines published in 1996, based on the data from the USA [3] , observed a 2-3 mm Hg annual increase regarding the systolic BP of boys. A recently published study found gender difference between BP increment per year in adolescents (boys 3.6/2.1 mm Hg, girls 1.5/1.2 mm Hg) [29] . There is a positive linear correlation between age and BP. The correlation coefficients were 0.66 (boys) and 0.58 (girls) for the systolic and 0.53 (boys) and 0.45 (girls) for the diastolic BP [30] . In contrast, with reference to our own study, associations between either systolic or diastolic BP and age were explicitly small. Separate analyses for the different genders revealed that no significant increase in BP occurred in girls between 15 and 18 years of age in our sample. In the case of boys, there was a mild to moderate positive correlation between BP and age. Results indicate that early maturation (and the elevation of BP), especially in girls, must now be taking place much earlier than a few decades ago.
According to data gathered from most studies, hypertension in adulthood is more frequent in children of hypertensive parents. In a recent study, hypertensive adolescents were about twice more likely to have a family history of hypertension compared to their normotensive counterparts [31] . For adolescents investigated in the Debrecen Hypertension Study, BP was statistically increased when family history was considered, however this difference did not translate into meaningful clinical importance. Presumably, marked distinctions in BP observed in adolescence keep increasing during this period of time, and become more pronounced by adulthood.
Brenner et al. [21] reported an inverse relationship between decreased nephron count accompanied by low birth weight and the risk of hypertension. In recent years, numerous investigators have confirmed both the negative correlation between birth weight and BP of adolescents [14, 23] and the higher incidence of hypertension in adults with a low birth weight [32, 33] . In the present study, we could not observe such a correlation between the actual BP and birth weight of adolescents. Systolic BP for 15-to 18-year-old subjects with a low birth weight was on average 2 mm Hg higher than for those with normal birth weight, while the diastolic values showed no difference.
There were increased BP and more hypertensive individuals among those with no regular physical activity [14, 34] . The influence of smoking and alcohol consumption on a population level is not well defined in the 15-to 18-year age group. In some studies, smoking was associated with an elevated BP in adolescence, too [34, 35] . Others observed a higher BP among those consuming alcohol on a weekly basis [14, 36] . However, we did not find elevated BP in the presence of the above-mentioned risk factors (lack of physical activity, smoking, alcohol consumption, poor social conditions, etc.), which may partly be explained by the relatively short exposure time.
Following suggestions in the literature, we developed a multiple regression model with ten independent factors to evaluate the relative influence of each factor in determining BP. Other investigators have emphasized the role of BMI as a central determinant [11, 14, 16, 18] . In our analysis, BMI emerged as a critical factor; however, gender gained more relative weight as a determinant of systolic BP. As in other studies, our findings suggested that -both for systolic and diastolic BP -the role of BMI was of extreme importance; a unit change in BMI caused systolic BP to increase by 1.17 mm Hg, while diastolic BP rose by 0.75 mm Hg. The factor that influenced systolic BP the most was gender in our model: boys' systolic BP was more than 10 mm Hg higher than that of girls. Age and parental hypertension mildly influenced adolescent BP, while low birth weight had no effect. Interestingly enough, smoking and alcohol consumption slightly decreased BP of adolescents in this study. Although this difference reached statistical significance, the clinical effect was negligible. On the other hand, due to the short exposure time we have not been able to draw any conclusions with respect to long-term effects of lifestyle variables. We also have to mention that adolescents were asked not to smoke at least 1 h before the measurements. We tried to get data about the excess salt intake, stress situations and workout activity. In our study these factors did not influence systolic and diastolic BP outcomes of students in Deb recen. In addition to the short exposure time, this result can be explained also by the fact that all individuals in this population attended secondary school and participated in similar physical and free time activities. This suggests that the teenage population is still homogenous with respect to the above-mentioned factors. Moreover -not given the opportunity to measure it quantitatively -their answers contained subjective opinions. Using the above ten factors, we successfully accounted for 28% of the variance in systolic and 18% of the variance in diastolic BP. Analysis of determining factors' variance among boys and girls showed similar results (19-27%). The huge unexplained variance points to our knowledge deficit about other key determinants (environmental, genetic factors), which are probably missed when studying adolescent hypertension.
Among factors influencing BP, BMI was of the greatest significance. In terms of systolic BP, we demonstrated that gender differences need special consideration. Adolescent BP is also a function of a family history of hypertension, as well as age, although the latter was shown to have less influence in this study. Our findings underline the clinical importance of the BMI and consequently individual weight, which is modifiable, and a reduction in this factor leads to better outcomes. Reducing body weight results in a significant decrease in BP, suggesting that people with moderate hypertension and proper weight management could be treated without medication.
We have to mention the limitations of the study. We tried to obtain data about the numbers of cigarettes or alcoholic drinks as well as frequency of physical activity and salt intake in our questionnaire, but in order to simplify the answers, semiquantitative ratings were offered, which can decrease the quality of the data. In comparison to age and weight, these factors do not represent the same relevant and exact value. On the other hand, the adolescents in our study could fill in the data with the help of their parents, therefore they probably did not always dare to write their real answers on smoking habits and alcohol consumption.
